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cimzetes docens, HIT oktatasi felelos

Szakteriiletek: tavkozls haldzatok modellezése, tervezése,
elemzése, IP-optikai haldézatok

K+F: jarmikommunikacios (V2X) hal6zatok tervezése, GSM-R
haldzati tervek, korabban: MT orszagos és budapesti
transzporthal6zat tervezése 1988-2011, hazai €s nemzetkoti K+F
projektek (NETVisor, FlexiTon, EURESCOM, COST, NSN)

Oktatas: e mellett a targy mellett MSc és BProf halézatos

meresek, KIJK-n Automotive Network and Communication Systems
(MSc, Bokor Laszloval)

Publikacidk: ~50 tudomanyos kézlemény (tébbnyire nemzetkozi
konferencia), 130+ tanulmany (~30 nemzetkdzi)
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e a Mobil és vezeték nélklli halozatok és szolgaltatasok integracioja
féspecializacio ,nyitotargya”

» eredetileg (2015-t6l Fazekas Peéterrel) tavkozlési technologiak a foéspecializacio
tovabbi targyainak megalapozasara, azéta fokozatos elmozdulas a
technoldgiaktol a halozat szolgaltatasi kepességei nek, Gzemeltetesi
vonatkozasai nak iranyaba

e 0Onallo tanulas ra, irodalomfeldolgozasra alapozott megkdzelités (ki-ki
sulyozhatja , hogy a kiemelt temakon tul érdekl 6désének megfelel 6en mely
témakorokben mélydl el  jobban)

— elbéadas: témakoronkeént attekint 6, bevezet 6 eléadas, irodalmak és feldolgozasi szempontok, az
adott témakaort a gyakorlatban mivel6 eléadok (ha sikertl megszervezni)

— gyakorlat : a feldolgozottak szeminarium jelleg i megbeszélés e, esettanulmanyok a félév utolso
szakaszaban

— 0Ondll6 tanulas |, irodalomfeldolgozas megadott szempontok alapjan egyes kontaktérak helyett is

» kovetelmények (tavolléti oktatast feltételezve)

— félévkozi : részletes témavazlat a vizsgara valasztott témakoér  feldolgozasahoz (irodalmak,
feldolgozasi szempontok, prezentacié vazlata) a szorgalmi idészak végén

— vizsga: prezentaci6é , szakmai beszélgetés egy valasztott témakorb 6l

© Halbzati Rendszerek és Szolgaltatasok Tanszék
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« Altalanos ICT és haldzati trendek, hal6zati hatasaik

e Mohil IP hal6zatok

 Mobil backhaul halézatok

« Szolgaltatasminéség (QoS) és szolgaltatasfolytonossag
(rendelkezeésredllas)

o Halézatmenedzsment
o Halbzati funkciok virtualizalasa (SDN,NFV)

e Mobil 5G
o Esettanulmanyok
Esetleg még

 WiFi 6 (802.11ax)

o JarmiUkommunikacio (ETSI ITS G5)
e Optikai haldézatok

o« 777
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Altalanos ICT trendek és hatasuk a hal6zatokra
Halbzatok forgalmanak valtozasai
Halbzati technologiai trendek

« Varhatéan miért, milyen iranyban, hogyan valtoznak a
halozatokkal szemben tamasztott kovetelmények
— Egy egyszeri példa:

e jarvanyhelyzet — home office
e az otthoni haldzat Uzemeltetési vonatkozasai az alapvetéd munkafeltételeket
befolyasolhatjak

(pl. CPE-k tavoli Uzemeltetése: egységesités — virtualizalas, Uzemeltetés
automatizaldsa — modell alapu konfiguralas, Ml alapt anomaliadetekcio,

automatizalhatésag (nem témaéja a targynak, de BIZTONSAG!! - BYOD helyett
BYONetwork?)

ICT : Information and Communications Technologies
CPE: Customer Premise Equipment
BYOD: Bring Your Own Device (Bring Your Own Disaster ©)

© Halbzati Rendszerek és Szolgaltatasok Tanszék
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 Meghatarozo6 tényez6k

Piaci hatasok és technologiai fejlesztések, amelyek egy adott
id6szakban meghatarozzak az informacios és kommunikacios
technologiak fejlédését

Mesterséges intelligencia alkalmazasanak terjedése

Virtualizacio alkalmazasi tertleteinek bovilése

Nagy szamitasigényd problémak haldzati alapu kezelese (Big Data,
Cloud és Fog Computing)

© Halbzati Rendszerek és Szolgaltatasok Tanszék
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ALTALANOS TRENDEK 2020

Gartner Top 10 Strategic Technology Trends for 2020

Top 10 strategic technology trends for 2020 highlight trends that will drive significant disruption
and opportunity over the next five to 10 years.

“These trends have a profound impact on the people and the spaces they inhabit,” says David W. Cearley, Distinguished VP
Analyst, Gartner. “Rather than building a technology stack and then exploring the potential applications, organizations must

consider the business and human contexts first.”

By 2022, application integrations delivered with robotic
process automation (RPA) will grow by 40% year over
year.

By 2021, at least one-third of enterprises will have
deployed a multiexperience development platform to
support mobile, web, conversational and augmented
reality development.

By 2024, 75% of large enterprises will be using at least
four low-code development tools for both IT application
development and citizen development initiatives.

Physical augmentation: Changes an inherent physical
capability via implanting or hosting a technology
element on the body

Cognitive augmentation: Enhances a human'’s ability to
think and make better decisions

As consumers become more aware and savvy about
how organizations are using their data — and
organizations are using increasing amounts of Al and
ML to drive business decisions — a trust crisis has
emerged.
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By 2023, there could be more than 20 times as many
smart devices at the edge of the network as in
conventional IT roles.

Empowered edge looks at how these devices are
increasing and forming the foundations for smart
spaces. It also moves key applications and services
closer to the people and devices that use them.

By 2024, most cloud service platforms will provide at
least some services that execute at the point of need.

By 2023, over 30% of operational warehouse workers
will be supplemented by collaborative robots.x

By 2023, blockchain will be scalable technically, and
will support trusted private transactions with the
necessary data confidentiality.

Through 2022, 30% of all Al cyberattacks will leverage
training-data poisoning, Al model theft or adversarial
samples to attack Al-powered systems.

https://www.gartner.com/en/doc/432920-top-10-strategic-technology-trends-for-2020
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Gartner Top 10 Strategic Technology
Trends for 2019

Blockchain, guantum computing, augm
analytics and artificial intelligence wi
disruption and new business
“The future will be characterized by

The Intelligent Digital Mesh
Autonomous things
Augmented analytics
Al-driven development
Digital twins

-

Empowered edge (edge computing)
Smart spaces
. Digital ethics and privacy

Immersive technologies \
10.Quantum computing

Blockchain
https://www.gartner.com/smarterwithgartner/gartner-top-10-strategic-technology-trends-for-2019
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Intelligent: How Al is in virtually every existing
technology, and creating entirely new categories.

Digital: Blending the digital and physical worlds to
create an immersive world..

Mesh: Exploiting connections between expanding sets
of people, businesses, devices, content and services.

Autonomous things exist across five types:
Robotics, Vehicles, Drones, Appliances, Agents

Augmented analytics represents a third major wave
for data and analytics capabilities as data scientists
use automated algorithms (machine learning) to
explore more hypotheses

A digital twin is a digital representation that mirrors a
real-life object, process or system. Digital twins can
also be linked to create twins of larger systems, such
as a power plant or city.

Immersive technologies:
technologies such as augmented reality (AR), mixed
reality (MR) and virtual reality (VR), which change how
users perceive the world
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Gartner Top 10 Trends Impacting Infrastructure & Op  erations for 2019

Infrastructure and operations (1&0O) is becoming increasingly involved in unprecedented areas of the
modern-day enterprise. The focus of 1&0O leaders is evolving far beyond technology elements like data
centers, colocation and the cloud to instead encompass more about how an organization’s 1&0 can
support and enable business strategy.

Serverless computing

Artificial intelligence (Al) impacts
Network agility (or lack of?)

Death of the data center

Edge computing

Digital diversity management

New roles within &0

SaaS denial

9. Talent management becomes critical
10. Global infrastructure enablement

https://www.gartner.com/smarterwithgartner/top-10-trends-impacting-infrastructure-and-operations-for-2019/
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Gartner Top 10 Strategic Technology

Trends for 2018 Top 10 Strategic
« Next generation of digital business models Technology Trends >>>—®
and ecosystems: ,, Technology will be for 2018

embedded in everything in the digital business

of the future.” e

] o Intelligent

The Intelligent Digital Mesh Q . .
1. Al Foundation e e - A
2. Intelligent Apps and Analytics X b
3. Intelligent Things Di
4, Digital Twins D. s m ﬁ@] .@-]
5. Cloud to the Edge gy e =
6. Conversational Platforms Meot =
7. Immersive Experience @ |;r1’-‘|1;| @I
8 Blockchain ockcnan  Evertoren  Cantiious pi
9 . EVG nt- D rive n gartner.com/SmarterWithGartner
10. Continuous Adaptive Risk and Trust S 0 v et s e st Gartner.

Forras: https://www.gartner.com/smarterwithgartner/gartner-top-10-strategic-technology-trends-for-2018/
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Top 10 Technology Trends Impacting
Infrastructure & Operations for 2018 Top 10 1&0O Tech Trends

. Outside forces will shape IT’s journey towards a
digital infrastructure: ,Legacy infrastructure and
operations (I&0) practices and traditional data center Geo Planning
architectures are not sufficient to meet the demands of The Intelligent Edge
the digital business. Digital transformation requires IT
agility and velocity that outstrips classical architectures

and practiceS.”

Intent-Based Networking
Strategic

Capacity Optimization — Everywhere
Operational Extended Infrastructure Management

DCaaS as a Strategy

Cautious Cloud Adoption

Capacity Optimization — Everywhere
10. Extended Infrastructure Management

1. Geo Planning 1k APIs — Integration Economy

2. The Intelligent Edge 1 Reputation and Digital Experience

3. Intent-based Networking (|BNS) | Beyond Traditional IT — New Realities
' _ Tactical

4. APIs — Integration Economy

5. Reputation and Digital Experience @ DCaab gs ablatogy

6. Beyond Traditional IT — New Realities @ o g 2

1.

8.

9.

gartner.com/SmarterWithGartner

Gartner

Forréas https://www.gartner.com/smarterwithgartner/top-10-technology-trends-impacting-infrastructure-operations-for-2018/
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* Forgalmak, alkalmazasok (Cisco VNI 2017-2022)
* Biztonsagi vonatkozasok
 Technologia
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Internet Users: % of Population

59.7%
45.3%
D e
- -
2017 2022
Average Speeds
A4
B MEps o aps
2017 2022

© Halozati Rendszerek és Szolgaltatasok Tanszek

CISCO VNI 2017-2022

Devices and Connections per Capita

3.6
2.4

2017 2022

Average Traffic per Capita per Month

49.8 GB
16.2 GB
2017 2022
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A halézatok méretét és szolgaltatasi kepességeit alapvetd
meghatarozo jellemzdék elérejelzése (forgalom és a kapcsolddo
eszkdzOk mennyisége, Osszetétele)

* [Forgalom, eszkdz0Ok (végkeésziilékek)

toretlen Gtem( forgalomnodvekedés

a mobil eszkdzok altal generalt forgalom névekedése a dominans

a mobil végkésziilékek (féként M2M) szamanak ndvekedési titeme a dominans
(ezen belll leginkabb a Connected Home — Smart Home - kategériaban),
ugyanakkor forgalmuk a teljes prognosztizalt forgalomhoz képes nem jelentés

az alkalmazasforgalmakat nézve mind mennyiségében, mind névekedési litemében
tovabbra is a vide6forgalom dominal (ezen belil a mobil eszk6zok altal generalt)

mivel ez a videdforgalom alapvetéen tartalomfogyasztas, ezért a hal6zat atlagos és
forgalmas orai forgalmi terheltsége jelentésen eltér (lakossagi felhasznaldok esti
tartalomfogyasztasa), ezért a CDN (Content Delivery Network) szolgaltatassal célba
jutd forgalom aranya jelentésen né, ennek kdvetkezménye, hogy a vided dominalta
Internet-forgalom fokozatosan kdzelebb kerill a szolgaltatoi halézatok széléhez

© Halbzati Rendszerek és Szolgaltatasok Tanszék
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24% CAGR CAGR: Compound Annual Growth Rate
5 (egy adott, tobb éves id6szak alatti atlagos éves névekedési Gitem)
2016-2021 _
250 278
200
Exabytes 150 186
per month
00
50

2016 2017 2018 2019 2020 2021

Cisco VNI forecasts 278 EB per month of IP traffic by 2021

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html

© Halozati Rendszerek és Szolgaltatasok Tanszek
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Fixed and mobile internet traffic growth rates, 2016

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html

© Halozati Rendszerek és Szolgaltatasok Tanszék
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10% CAGR
2016-2021

Billions of
devices

Other (1.6%, 1.8%)
| Tablets (3%, 3%)

® PCs (8%, 5%)

B1Vs(12%, 12%)

B Non-Smartphones {19%, 6%)
B Smartphones (21%, 23%)

sTak = ~ | ~ N0 " T 0
FAS R | ») FAVA W, LUV 1D LU 1Y

Global devices and connections growth

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html

© Halozati Rendszerek és Szolgaltatasok Tanszek




HALOZATI RENDSZEREK

FORGALMI TRENDEK 4

www.hit.bme.hu

24% CAGR
2016-2021

Other (0.03%, 0.02%)

b : B Tablets (5%, 7%)
- ‘ ®PCs (416%, '/_‘_n')f.)

] y
— : 1
[ i |
| .
o~ . %y - ~ S ~ N . 7% Y
Z0) 1¢ 40 LIl AR BS ) iy
L\ - L\ / FANY CJ & » L0 L

Global IP traffic by devices

Exabytes m1Vs (33%, 30%)

per month mNon-Smartphones (0.1%, 0.1%)

B Smartphones (13%, 33%)

n M}h-q (/XD, ‘)'X.)

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html

© Halozati Rendszerek és Szolgaltatasok Tanszek
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14% CAGR
2016-2021 g
8 Ultra-High Def (UHD) VOD (1%, 30%)
30 W Hgh Def (HD) VOD (76%, 66%)
“> m Standard Dol (SD) VOD (23%, 4%)
Exabytes
per month _
5

Global 4K VoD traffic

(Increasing video definition: By 2021, 56 percent of connected flat-panel TV sets will be 4K)

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html
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74% CAGR
2016-2021

| Middle East and Alrica (MEA)
(100% CAGR)
® Latin America (LATAM) (61% CAGR)

m Central and Eastern Europe (CEE)
(68% CAGR)
|Western Europe (WE) (67% CAGR)

Exabytes
per month

® North Amenca (NA) (B0% CAGR)

m Asia Pacific (APAC) (73% CAGR)

Projected global fixed and mobile IPv6 traffic forecast, 2016—2021

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html
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19% CAGR 16
2016-2021 14

10

Billions of o

M2M )
connections - . I

d

2016 2017 2018 2019 2020 2021

7

B

N

—

Global M2M connection growth

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html

© Halozati Rendszerek és Szolgaltatasok Tanszek
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19% CAGR |
2016-2021

| 43

m—
1C =
Billions of 8 1
M2M ———
connections e

Global M2M connection growth by industries

B Other (1% CAGR)
B Energy (25% CAGR)
Mig and Supply Chain (9% CAGR)
# Retail (15% CAGR)
m Connectled Car (29% CAGR)
m Connecled Cines (29% CAGR)
m Connected Health (30% CAGR)
m Connected Work (15% CAGR)

m Connected Home (18% CAGR)

Mfg - Manufacturing

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html
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24% CAGR
2016-2021

Exabytes .
per month I

Global IP traffic by application category

£ S0l CATATASOK FORGALMI TRENDEK 9

m Gaming (1%, 4%)

m File Shanng (8%, 3%)
| Web/Data (18%, 11%)
®m P VOD (22%, 14.5%)

B Internet Video (51%, 67.4%)

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html

© Halozati Rendszerek és Szolgaltatasok Tanszek
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— Busy Hour Intermet Traffic (CAGR 35%)

f‘ — Average Internet Trafhic (CAGR 26%)

Pbps

Busy hour compared with average internet traffic growth

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html

© Halozati Rendszerek és Szolgaltatasok Tanszek
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26% CAGR
2016-2021

Exabytes '
per month I

Global content delivery network internet traffic, 2016 and 2021

B Non-CDN Intemet Traffic
(48%, 29%)

B CDN Inmtemnet Traffic
(52%, 71%)

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html

© Halozati Rendszerek és Szolgaltatasok Tanszek
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Cross-Country Core-Delivered Regional Core-Delivered Metro-Delivered
58% in 2016 20% in 2016 22%in 2016
41% by 2021 23% by 2021 35% by 2021

Internet traffic moving closer to the edge

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html
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10% CAGR
2016-202)

Exabytes
per month % I
20160 2017 2018

Y.L e A Y
'/(, |\_.9 ZU2U 204

B SD-WAN Traffic (6.4%, 24.9%)

m Tracktional P WAN Traflic
(94%, 75.1%)

Global enterprise SD-WAN traffic

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html
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Other trends to watch

e Cisco’s approach to forecasting IP traffic is conservative,
and certain emerging trends have the potential to increase
the traffic outlook significantly.

o Growth of smartphones

* Internet gaming

« Virtual reality and augmented reality
* Immersive video

* Video survelllance

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html

© Halbzati Rendszerek és Szolgaltatasok Tanszék
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Mobile Devices Y | (38% | m
Data In Public Cloud 2% 1 | BO% A —— 219 m
Cloud Infrastructure 2% 1 19° m
Makicious Links i Erall or websites 2% | 57%)
Customer Data 2% B 18 m
Data Center/Servers 3% Bl 18 4%
Organization Data 2% 54|
Network Infrastructure 2% l _ m
Applications, 2% | EEammms mm D
Client Operating Systems (e.g., Windows 7, 3o . - m

Windows 10, MacOS, etc.)

2016 (n=2912) . - X
R Gt A2 B Notat Al Not Very Somowhat B Vvery B Extromenty B Very » Extremely
A 1L 4 a . a ~ < % a - .
Grophec Rounded to Chatlenging Challenging Chalenging Challenging Challenging Chalenging
Nearest YWhole Number
N s F i ny ¥ ! LS y

Security professionals' biggest sources of concern related to cyberattacks

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html
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By 2021, 98.1% of BB CPE will be equipped with 802.11ac

Future Wi-Fi Enables Virtualkzation, loT, Speech Processing, Secunty, Data Analytics

802.11n | BO2.11ac S0P 1150

600 Mbps Max | 3.6 Gbps Max 10 Gbps Max

3‘.‘;,';"“ TPTRUNGE | :,tg?,: RRCR Dense loT Deployment
| Wired Complement

DOCSIS 3.0 DOCSIS 3.1 VDSL? -VPlus Full Duplex G.1ast
Cmne’ Miu
A 10 Gbps
VDSL? symmaotrical
100 Mbps Max
Medium Resolution

Video Inflection point for DOCSIS 3.1 in 2019

Future Wired Enables 4K, iImmersive 360 wvideo, VR, High Dynamic Range, High Frame Rate, 8K

Future of Wired and Wireless Technologies

Forras https://www.cisco.com/c/en/us/solutions/collateral/service-provider/visual-networking-index-vni/vni-hyperconnectivity-wp.html
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* Nehany trendjellemzd fogalom (a teljesseg igenye nélkiil)
— Software Defined Networks
— Network Function Virtualization
— Segment Routing
— Automated Network Operation
— Programmable Networks
— Edge Computing

— Intelligent Transport Systems
— Industry 4.0

— Smart Home

— loT
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N FORRASOK ES SZEMPONTOK
EGYENI FELDOLGOZASRA

www.hit.bme.hu

« Altalanos ICT trendek és infrastruktira
— forrasok a targy honlapjan 6nallo feldolgozéasra: 1.a.i., 1.a.ii.
— egy kiegészitd anyag érdeklédbknek: 1.a.iii
— feldolgozasi szempontok: milyen halozati szolgéaltatasok, kdvetelmények szarmaztathatok a

trendekbdl, a meglévé technologiai és architekturalis megoldasok hol, hogyan korlatozhatjak a
trendek érvényesulését

— alapkovetelmény: 1.a.i. 1.a.ii. feldolgozasa
e Forgalmi progndzisok
— forrasok a targy honlapjan: 1.b.i., 1.b.ii

— feldolgozasi szempontok: a meghatarozo forgalmi komponensek kiszolgalasara (mennyiség,
kovetelmények), a meghatarozo végkészilékek csatlakoztatasara (mennyiség, kovetelmények,
korlatok) mennyiben alkalmasak a meglévé technoldgiai €s architekturalis megoldasok, illetve
hol, hogyan korlatozhatjak a megoldast

— alapkovetelmény 1.b.i. feldolgozasa

e Halozati trendek
— forrasok a targy honlapjan: 1.c.i, 1.c.ii, 1.c.iii,
— egy kiegészit6 anyag érdeklédbéknek a ,, Tovabbi olvasnivalék” pont alatt

— feldolgozasi szempontok: a halozati funkcidk virtualizalasa (NFV) és a szoftver alapu halézatok
(SDN) alapjainak, alapvet6 6sszefuggéseinek attekintése

— alapkovetelmény 1.c.i. feldolgozasa
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